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TECHNICAL NOTE NO. 975

DATA ON MATERTAL PROPERTIES AND PANEL COMPRESSIVE
STREﬁGTH OF A PLASTIC-BONDED MATERIAL
OF GLASS CLOTH AND CANVAS
By George.W. Zender, Evan He. Schﬁette,
- and Robert A. Welnberger

SUMMARY

Results are presented of tests for determining the

tensile, compressive, and bending properties of a e

material of plastic-bonded glass cloth and canvas layers.
In addition, 10 panel specimens were teqted in com- '
pression. . _

Although the material is not satisfactory for
primary structural use in ailrcraft when compared on & i
strength-welight basis with other materialsiin common use,
there appears to be potential strength. in the material
that will require research. for development. These points,
are considered in some detall in the concluding discusaion
of the report. :

an appendix'shows that a higher tensile. stréngth'can '

be obtained by changes in the type of weave used in the

glass-cloth reinforcement. _ g e

“INTRODUSTION = S

Various plastic materials have been proposed for
structural use in aircraft. In order to make use of such
materials, tests must be made to determine their proper-
tles and to establish allowable stress values. This
report presents the results of compression tests of 10.
stiffened panels made of a plastic-bonded cloth’ mater1a1
and tension, compression, and bending tests of enlarged
samples of the same miterial. The specimens were CT
furnished by the Virginia Lincoln Corp,, Alrcraft
Division, Marion, Va.

RESTRICTED



2 NACA TY No. 975

DESCRIPTION OF MATZERIAL

i The plastic material tested, commerclally known as
“Walinite," consists of cloth layers impregnated and
bonded with Plaskon 700 resin. In the panel specimens
the two external layers were no. 182 Fiberglas fabric,
wheress the internal layers were elther no. 162 Fiberglas
febric or 8-ounce canvas. The material was furnished by
the manufacturer in four compositions, which will be
deslgnated by thelr nominal percentages of glass cloth,
as follows:

Nominal percentage
: - . ' Composltion
of glass cloth . -
b (based on gross (layers) homina%ig?icknes~
cross-sectioral
area) Glass | Canvas
100 4 | emeaa- 0.052
50 2 1 082
L 35% 2 2 .078
1 25 2 3 .1C4

Some samples were also furnished that contained approxi-
mately the same percentages of glass cloth as the com-
binatlons just listed but had a larger total number of
layers. The thicknesses of these samples were as follows:

Nominal percentage of glass cloth Thickness
(based on gross cross-sectional aresa) (in.)
100 0.6€61
50 .218
332 .858
25 +ER9
S

Flgure 1 shows the relative directions of the
threads 1n the glass cloth and canvas for the speclimens
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tested. For claritj, the threads that were more nearly
straight are shown perfectly straight in figure 1,
althocugh actuelly there was some waviness in all threads.

In this rspcrt the directlon along which the arrows
are shown in figure 1 is designated the longitudinal
direction, and the transver=e direction is taken at
right angles to it. .

TEST SPECIMENS

Ten panel specimens, consbtructed of sheet and qt*f-
feners of standard thickness, were tested in oompre=sion.
Pigure 2 shows ths type of panel specimen and the symbols
used for ths dimenslons; figure 3 shows one of these
speclimens arfter failure in the 1,200,000-pound-csepacity
testing mazhine in the NACA. structures rssesrch lsboratory.

"The specimen numbers, the composition, and the dimenslons

of the pansls are given in %table I. In speclimens 150-1,

. 151-1, 151-2, and 152-1 the panel was assembled in such

& manner that the lcad was applied along the transverse
direction of the sheet. In the other specimens, the load
was applisd longitudlnally. In almost all cases, the
thread dlrsction in the st*ffeners was at an angle to the
aireotion of loading.

In order to determine ‘the longitudinal flexural
rigidity and the longltudinal and transverse tensile and
compregssive propertles of the material, specimens of
standard shape were cut from the. SPSC’al oversize sarples
previously mentioned and were tested in the usual manner.

MATERIAL PROPERTIES

TN

. e

L
s Ew b
;

The results of the tests for determining tensile
and compressive properties are given in figures 4 to 10,
and the specimens, after failure are shown in figures 11
to 14. A diseussion of the effect of the composition
of the material on the tenslon and compression modull -
of elasticlty. ls glven in appendix -A.

figures 4 to 7 present stress-strain curves for the
material., The ultimate stresses are plotted in figure 8.
FMo ultimate stresses were recorded for two of the
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specimens because -of difficulties in applying the load.
The longitudinal tension specimen containing 100 percent
glass was loaded by -epplylng the grips against the edges
of the cloth, and the pressure of the grips produced a
separation of the cloth layers at a tensile stress of
21.4 kips per square inch. (See fig. 13.) Most of the
other tension specimens were loaded by applylng the

grips sgalinst the surface of the cloth. With thils method
of locading, however, there was a large amountc of slipping
in the grips. In order to prevent this slipning, some of
the specimens were loaded by applying the grips agalnst
the edges of the cloth and attaching plates, bolted
together through the specimen, to the surfacss of the
cloth to prevent separation of the layers. For the
longitudinal specimen containing 25 percent glass, however,
the bolt holes were svidently too large and failure
occurred at one of these bolt holes at a tensile stress
of 14.2 kips per square inch in the test section. (See
fig. 13.)

The compresslion specimens that contalned some canvas
showed large increases in strailn when a given load was
left on for a perlod of time., PFlgures 9 and 10 show this
increase, or creep, at various stresses as a function of

time for the two compression specimens containing 35% per=-
cent glass. v

The results of the bendlng tests are plotted In
figure 15 and the bending specimens are shown after
faellure in figure 16. These specimens were tested as
simple beams wilth concentrated loads appllied at midspan.
FPor this condition of loading, the deflection & 1s
given 1n Inches by the equation

pr.5
6 = I&ET (1)
where
P concentrated load at midspan, pounds
L '~ length between end supports, inches
E bending modulus of elasticity, pounds per square

Inch

I moment of inertia of cross section, inches?
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The maximum' fiber“stress {gﬁg;” Is given by the simple-
bending formula N
y . .?.L.h .
s L Mc_Z 2 _ PLh (2)

max- T =TI 81

where h <1&” the depth of the beam., Eliminating P
betweeh equations (1) and (2) gives for the maximum ..
fiber stress

5
-"T;f'::.'-'_- A -GT.'J. . '

In figure .i5,. . 'is plotted against the dimen-."

sionless glhantity - 6/mL§/6h) The slope of the btending -
stress-strain curves therefore gives the value of the
bending- modulus of elasticity E.

PANEL, SPECTHENS -

Method of testing.- The ends of the panel specimens
were: ground & 1a%,..8quare} and parallel and were placed
directly agaminst: the bearing plates of the testing
machine,* The speclmens were alined by gulde bars that
extended across .the bearing plates. These gulde bars
were moved away before the maxlimum lo&8d was reached to
avoid 1nterference with the actlion of the specimen at
failure.

Strain gages were attached to both sldes of each
specimen on the stiffeners and between the stiffeners.
The shortening of the specimens was &also messured with
dial gages. -

Results.- The results of the panel tests are pre-
sented In flgures 17 and 18 and in takle I. PFigure 17
shows the panel stress-straln curve for each of the
specimens, In-trhis flgure, the stress plotted lg the -
average stress on the panel and the strain 1s the total .
shortening of the panel divided by the length. Table I



6 NACA TN No. 975

glves the ultimate load for each panel and the load at
which separation occurred for the tests in which
the stiffeners broke away from thé panel.

In figure 18, the critlcal compressive stress for
the sheet between stiffeners Oup, predicted from the

strain-gage readings by the Southwell method as general-
lzed in reference 1, is plotted against the ratilo
b/tskin for each panel ‘for which a prediction of the

critical stress could be obtained.

Analysls of separatlon fallure.- In some of the
test panels, fallure occurred by separation of the sheet
from the stiffener. (See fig. 3.) This separation did
not in general take place in the plane of the glued
jolnt but within one of the thin wood veneers that were
inserted between the sheet and stiffener. (See fig. 2.)
When this type of fallure occurred, it was observed that
the sheet between stiffeners was in a buckled state.

&n approximate theoretical analysis of a buckled
plate, based on the theory of large deflections, revealed
that, 1f separation occurs when the bending stress in the
sheet adjacent to the stiffener reaches some constant
failing velue, the ratio of the edge stress to critical
stress varlies linearly with the reciprocal of the square
of the critical stress and is equal to unity when this
reciprocal is zero. This analysis assumes that the
material 1s isotropic, that the edzes of the plate are
fixed, snd that the relative shape of the buckle pattern
is constant. Although the material in the panels was
not ilsotropic, the sheet appeared to be essentially
fixed to the stiffeners, the buckle patterns were always
of the same relgtive shape, and the internal stress
condition at which separation of sheet and stiffener
occurred was probably a constant. The form of the theo-
retical solution for sn isotropic material was therefore
used to indicate the method of presenting test results.

The edge stress, or stress at the stiffener, was
determined from straln-gage readings on the stiffeéner
end the stress-~strain curve for the material. The
important values of edge stress are the values,,K desig-
.nated O0g, &t which separation of the sheet from the

stiffener occurred, or at which the panel falled without
separation. The valug of Oy for falilure without
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In figure 19, values of O¢/0Ocy are plotted against
1/0ep°+ -The straight 1line in figure 19 was drawn to

conform with the theoretical analysis and indicates the
probsble values of separation stresses. The agreement
seems reasonably good when the scatter thet might be
expected ig considered. It will be noted that the point
farthest from thée straight line is for specimen 1E0-1,
for which separation occurred 1n the plasne of the glued
joint; this deviation indicates that the glue did not
hold so well as 1in the other specimens, The ultimate
load for this specimen was alsc abnormally low. (See
table I.) :

CONCLUDING DISCUSSION

The stress-strain curves for material comprising
100 percent glass remain very nearly straight untill
failure, which occurs suddenly.

The stresg-strailn curves for specimens containing

25 percent, 35% percent, and 50 percent glass show

appreclable yielding at stresses considerably below
the maximum strength developed 1n the specimen containing
100 percent glass. .

The fact that the tensile ultimate stresses are much
higher both longltudinally and transversely then the
corresgsponding compressive ultimate stresses indlicatss
that the full strength of the material is probably not
being realized in compression. This failure to realize
the full strength may be caused by the waviness of the
fibers in thc glass cloth and canvas. Another possible
reason for the low compressive strengths developed ls
that the compressive stress on the wavy fibers induces
transverse forces that tend to rupture the plastilc
between layers of cloth and precipitate an early failure.
A similar development of transverse forces between
layers of cloth 1s present in tension tests but, as tha
fibers of glass and cloth straighten out, there 1s .
perhaps a tendency to approach more closely the potentilal
strength of these fibers than ls possible In compression



8 NACA TN No. 975

testse In any case, the waviness of the fibers and the
weakness of the bondling agent are contributing factors
in the low strengths developed. In appendix B, which
was prepared after the maln body of thls report had been
completed, it is shown that compareatively high tensile
strengths are obtained by plastic-bonded unidirectional
glass cloth.

The presence of canvas in the material causes large
creep at lcads considerably less than the maximum. The
creep is, in fact, so large that further development of
this type of material for primary structural uses should
apparently be concentrated on the plastic reinforced with
100 percent glass~

The tests of stiffened panels indicate that 'the
attachment of stiffensrs to sheeéet through the medium of
wood veneers ls a point of weaxness in the specimen. The
strengths of the stiffened psnels did follow theoretical
laws, and practical deslign informstion c¢ould doubtless
be obtained from the present background of experience
in metal by maxing suitable tests of reinforced-~plastic
structural assenmblles.

4t present, the materlal 1s not good enough to compete
on a strength-welght basis with aluminum alloys, which
welgh 80 percent more but develop 400 percent more com=-
pressive strength. If the compressive strength could be
appreciably increased, the plastic with 100-percent-
glass reinforcement would be worthy of consideration for
use in primary structural members of aircrarft.

If a fallure of the plastic bond between adjacent
layers of cloth 1s responsible for the low compressive
strength of the material, then an Increase in this
strength should be possible by some sort of reinforce-
ment that would oppose the separatlon of the layers
Reinforcement of this type might be provided by forming
8 specimen as shown in figure 20, This type of specimen
embodies the same principle as a spirslly reinforced
concrete column, for which mucn higher stresses are
permitted than for an ordinary tled concrete. column.
Although 1t would perkaps not be possible to use directly
the method of fabrication shown in figure 20 in the making
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of primary struétural parts, tests of specimens of this
type might assist In pointing the way to possibile
Improvements in the material.

Langley Memorial Aeronautical Laboratory
Naetional Advisory Committee for Aeroriautics
Langley Fleld, Va., August 16, 1944
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e . APPENDIX A
PREDICTION OF MODULUS OF ELASTICITY

The plastic-materlial tested consists basically of
two different types of fabric. If the modulus of
elasticity of each of these fabrics 1s known, & pre-
dictlon of the modulus of elasticity for any combination
of the two fabrics should be possible.

In order to make such a predictlion, the cross-~
sectional area of thread that 1s active in carrying load
in each direction must be known. Measurements by optical
micrometer were therefore taken of sample threads from
each of the two fabrics. The areas of thread cross
sectlion found by this means and the observed number of
threads per inch were as follows:

Area Threads
Thread (sq in.) per inch
- Longltudinal glass 0.000474 29
Transverse glass 000391 15
Longitudinal canvas » 000350 27
Transverse canvas 000172 74

The manufacturer lists the number of threads per inch
in the Fiverglas fabric as 28 longltudinal and 16 trans-
verse, The slight dlscrepancy between these and the
measured values is probably caused by distortion of the
cloth during faebrication of the specimens.

In a plece of glass cloth having a cross sectlion
1 inch by 0.026 inch (two thicknesses), the total area
of glass threads active in carrying load in the longi-
tudinal direction 1s therefore

2 x 29 x 0,000474 = 0,02748 =sq in. (3)
In a piece of canvas of the gsame cross sectlon (one

thickness), the total area of canvas threads active in
carrying load In the longitudinal direction is
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27 x ‘0.000350 = 0.00944 sq in. -

In each of the preceding cases, the total cross-sectional
area of fabric 1is

L)

1 x 0.026 = 0.026 sq in. (4)

Equation (3) shows a larger area than equation (4) .
because the measurements of the threads were made after
they had been removed from the cloth and were not con-
fined by the surrounding threads.

If the percentage of glass in a given speclmen is
100 p (p 1s then the percentage expressed decimally),
and if the total cross-sectional area of the speclmen
is A, then the active area of glass in the longitudinal
direction 1is

0.02748
Ag = 5.0z PA (5)

and the actlve area of canvas 1s
i3

A = 000828 (L, S

If the load P 1s divided between the glass and canvas
threads, Pg 1in the glass and Pg 1in the canvas, and

if the glass threads have a modulus of elastlcity &g
and the canvas threads have a modulus of elasticity Egq.

(the effect of the surrounding plastic material is
neglected), the pvesulting straln € 1is

P P : '
€ = G = G (7

AgBg  AgEg

From equation (7)

A~ B
G TG
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Now the total load .P:. -must be given by

From equations:(S) and (8)

Ag
yvei 2,910 52—
From egquations (68) and (7)
Po

1
© % 4B 0.363(1 - p)

The longitudinal modulus of elasticity E
bined materials is given by the equation

P
EL=Z,—€

Substitution of equations (8), (9), and (10) in equa~
tion (1l1) gives

_p E
Pc(é + 29107 5 EC)
EL =

Pg 1

E; 0.363(1 - p)

0,363(1 - p)Ec + 1.057pEq

Equation (12) gives the longitudinal modulus of elasticity
for the material in terms of the two basic modull Ey

NACA TN No. 975

(8)

(9)

(10)

of the com-

(11)

(12)
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and Ep and the nominal percentage of glass. A similar

calculation gives for the transverse modulus of elasticity
Ep 1n terms of the same bagilc modulil

Ep = 0.490(1 - p)Eg + 0.452pEg

It 1s necessary to determine the basic modull Eg
and Eg. Figure 21 1s a graph of the varlious directional
moduli, in which the values of Es and Eg were chosen

to give the best fit with the experimental points. The
values used are as follows:

Load Eo Eq
oa (1b/sq in.) | (1b/sq in.)
Compression | 2.50 x 108 | 3.29 x 10°
Tension z.08 x 108 | 6.22 x 106

The experimental stress-straln curves showed no initlal
straight-line portion; secant modull, taken at stresses
of 1000 pounds per square inch in compression and

2500 pounds per square inch in tension, were therefore
used in plotting the experimental points in figure 21.

When the errors in measuring and counting threads
and inconsistencies within the materlal are considered,
the agreement between experimental and calculated values
in figure 21 seems good.
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'APPENDIX B .
TENSILE TESTS OF PLASTIC-BONDED UNIDIRECTIONAL CLOTH

After the completion of the body of thls report,
tenslon tests were made of standard specimens cut from

a thin ahoat+r {facwram Taovrans mdal L Aalrmacs O NOZRA 1w )
(=) Viddidl DLlICO U \ DO VI J.a..yU.l.ﬁ’ LU LA UJ.J.J.UZ\L.LUDE, Ve VLU dlldey

of plastic-bonded material of unidirectional glass cloth,
which was also. furnished by the Virginia Lincoln Corp.,
Alrcraft Division. The type of weave used in this
material is shown in figure 22,

The longitudinal and transverse tensile stress-
strein curves obtained from the. tests are shown in
figure 23. Figure 24 shows the: transverse stress-strain
curve drawn to a larger scale.,

The longitudinal tenslle stress-strain curve remained
relatively .straight until failure, which occurred at a
streass of 82.9 kips per square inch. The transverse
strength of .1.77 kips per square inch 1s practically neg-
ligible by comparison wlth the longitudinal strength.
Reasonably good tensile properties in both directions
conld probably be obtalined, however, by cross-laminating
the materlsal.

No compression tests of this material were made,

REFERENCE

1. Lundguist, BEugene E.: Generalized Analysls of
Experimental Observations in Problems of Elastic
Stability. NACA TN No. 658, 1938.



Composition
(a)
Glass|Canvasg
- s _
L 0
2 1
2 1
2 1
e 2
2 2
2 2
2 3
2 3
2 3

TABLE I.~ DIMENSIONS AND GOMPRESSIVE STRENGTH OF STIFFENED PANELS
Load Average stress
Total (kips) (kips? &g in.)
Length|Widthl b Jteeipe|takin| apen [Folght
(in.)}(in.)| (in.} Fin.g (in.) (sq in.) (1b) |sevara- |Maxi-|Separa-{Maxi~
_ tion mum | tion mum
21,56 |18.15]1.62 | 0.05L410.066] 2.50 | 3.36 |=mcmcwe 10,50 [ammwean L.20
2,91 118,251 1.68 | .05L] 056 2.35 | 3.0% 9.9 | 9.95! L.23 L.23
2. 86 [22.700 3,14 | L052) .051| 2.49 | 3.31 4 103 [10.)3] L.20 | L.20
21,79 |28.60 5,17 | «055( 058| 3,10 | 3,76 | 7.73 | 8.46]| 2.50 | 2.73
20,67 118,11 1.74 | J083] 078} 3,15 | LelO | =<mw—ee 1 IT10} [R— L.60
2ieb2 §22,83|3u3L | L0883 4082 3,70 | U455 [=-m--rm |13450 frmnmmme 3.65
21,91 |28.79 5.03 | 080 «081] L.18 | 5,34 [~wevmu= 15400 jmmmmmme 360 -
2490 (1841 1468 | o101 o107} 3490 | LeBL | memmmre Upe18femmmnm 36l |
2L.26 |22.75 3.13 J110] 1060 T2 | 5.4 | wmereanm 1650 |maamunn 3.50
2,48 |28.67i 5405 | .107| 109 5.38 | 6.35 | 17.90 |17.90| 3.33 | 3433
{

Approx.

percent-
age of
glass

83tiffeners and sheet bave the same composition.

NATIONAL ADVISORY
COMNITTEE FOR AERONAUTICS
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See detail A

< Width

Wood filler

NATIONAL ADVISORY
COMMITTEE FoR AERONAUTICS

Figure 2.- Sketch of test panel.
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Figure 6.- Longitudinal tensile stress-strain curves.
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Fig. 7
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Figure 8.- Ultimate stresses for tension and com-
pression specimens,
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Figure 11.~ Longitudinal compression specimens after falilure.
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100 percent 3&"»%5 percent 25 percent
glass glass glass

Figure 13.~ Longitudinal tension specimens after failure.
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Figure l14.- Transverse tension specimens after failure.
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Figure 15.- Longitudinal bending stress-strain curves,
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NACA TN No. 975 _ Fig. 16
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Figure 16.- Longitudinal bending specimens after failure.
Left toright: B33, 25, 50, 100 percent glass.
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Figure [T - Compressive panel stress-strain curves.
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NACA TN No. 975 Fig. 18
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Figure \8.-Variation of critical compressive stress
for sheet between stiffeners with bekip-
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Figure 19.~Variation of og for with 'I/a'crz.
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NACA TN No. 975 ' Fig. 21
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Figure 21. -Comparison of observed and calculated
values of secant modulus of elasticity.
Secant mddulus taken at stresses of
I000 pounds per square inch in compress-
ion, 2500 pounds per square inch in
tension.



NACA TN No. 975 Fig. 22
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Figure ZZ2.- Unidirectional fabric.
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Figure 23. — Tensile stress-strain curves

for plastic-bonded unidirectional
cloth.
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Figure 24. - Enlarged transverse ftensile stress-strain
curve for plastic-bonded unidirectional cloth.
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